INTRODUCTION
There are two emitter designs that can be used in a thermophotovoltaic (TPV) energy conversion system. In a selective emitter system most of the emitted photons have energy greater than the bandgap energy of the photovoltaic (PV) cells. In a thermal emitter system a narrow bandpass filter is used to shape the emission spectrum.
The ideal filter allows all photons within the band to pass from emitter to the PV cells and reflects all photons outside the band back to the emitter.
Both the selective emitter system and the filter system are feasible.
In this paper we present the radiative transfer theory necessary to calculate the spectral emittance of a thin film selective emitter. From the spectral emittance, the emitter efficiency is calculated.
The solid state selective emitters of most interest are compounds containing the rare earths.
For doubly and triply charged ions of these elements in crystals, the orbits of the valence 4f electrons, which account for most of the emission and absorption, lie inside the 5s and 5p electron orbits. As a result, the rare earth ions in the solidstate have radiative characteristics much like they would have if they were isolated.
They emit in narrow bands rather than in a continuum as do most solids.
The 5s and 5p electrons "shield" the 4f valence electrons from the surrounding ions in the crystal. The spectra of these rare earth ions in crystals have been extensively studied.
Most of this work is summarized in the text of Dieke (1) . Early spectral emittance work(2) on rare earth oxides showed strong emission bands.
However, the emittance for photon energies below the bandgap for PV materials was also significant. As a result, the efficiency of these emitters was low. In the last few years, however, large im.provement in rare earth emitters has occurred.
The (1) where T E is the film temperature, k t is the film thermal conductivity and Q is the total radiation energy flux.
(2)
The spectral intensity, i x, in terms of the wavelength, _,, is determined by the radiative transfer equation (6),
which gives the variation of the intensity in some direction, r, in terms of the socalled source function,S_, and the extinction coefficient, ot_.. (4)) it is convenient to split the intensity into two parts; ix+ for radiation in the positive x direction (0 < 0 < x/2) and i x-for radiation in the negative x direction (x/2 < 0 < x). Using the definitions of ix+ and ix-and assumption (3) the boundary conditions at x = 0 and x = d are the following.
Appearing in eq. (6) is the black body emissive power,
where h is Plank's constant, k is Boltzmann's constant, and c o is the vacuum speed of light. Def'ming the optical depth,
equation (4) can be integrated to obtain ix+(Kxd) and ix-(0), where
and those results together with the boundary conditions can be used to calculate the radiation fluxes (7) at the boundaries.
Solving equations (12) and (13) results in the following
where,
and the exponential integral, En(u), is
Oncethe source function, Sa, is known, the boundary fluxes q_+(Kxd) and q_- (0) can [
For 0 > 0 M radiation is totally reflected. Including angles greater than 0 M would allow the possibility of _ > 1 (6) . Therefore, using the boundary condition given by eq. (8) the emissive power, Q_, is the following where
In reference 7 the source function is obtained for isotropic scattering and diffuse boundaries (assumptions (3) and (4) 
Therefore using equations (14), (15) and (24) in equation (21) yields the following result for the spectral emittance
At the emitting surface (x = d) we assume that the reflectance, Pxo, can be approximated by the normal reflectance for a specular reflective dielectric interface. Therefore, assuming n o = 1.0 for x > d the reflectance is the following(6) Figure  3 shows the efficiency for Er-YAG and Ho-YAG as a function of film thickness, d, at T E = 1500K for no scattering and for equal absorption and scattering coefficients (f2 = .5). The substrate emittance and scattering albedo were assumed to be constants (e s = _s = Ebs = _s; f2 = _21 = f2 b = f2u). Also, the refractive index was assumed to be constant (n n = n_ = nfu = 1.9). The value nf = 1.9 is representative of rare earth oxides (9) . Several observations can be made from the results shown in figure 3 . First, there is an optimum film thickness for maximum efficiency. Second, scattering causes only a small reduction in fir:.
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However,
a thicker film is required to obtain maximum rlF when scattering exists.
As will be discussed later, scattering has a more significant effect on the emitted power. Finally, to have large tie the substrate must have low emittance. Now consider the effect of emitter temperature, T E, on the emitter efficiency.
In figure  4 tie for Er-YAG and Ho-YAG is shown for T E = 1200K, 1500K,
1750K and 2000K.
The values for ct1, ix,, _ and nf are the same as in figure 3 .
For the scattering albedo, f_l = f_b = D-u = 1/3 (cry. = 1/2 a_.) was chosen as representative of the rare earth-YAG emitter. Figure 4 shows the strong temperature dependence of tiE. 
